In 2.5 x 10~4M EDTA buffer, the derivative raeltinp curve of calf thymus DNA shows a major band at hl° with a shouldpr a* about 5
INTRODUCTION
Derivative plots of melting curves are more informative than meltinp curves themselves, particularly In protein-DNA complexes '1-7) . Ve recently showed a non-symmetrical melting band 'or pure cal'" thymus DNA with a major band at kj" and a shoulder at about 5k 0 '7). The asymmetry of this melting band indicates that perhaps calf thymus DNA molecules are heterogeneous with respect to base composition. In other words, though the average base composition of the total calf thymus DNA population is 1*2^ In GC (guanine + cytosine), it is possible that this is only ft statistical average of DNA molecules with varied GC contents. The shoulder at about 5^° of the melting band might imply the existence of a minor faction of calf thymus DNA with higher GC content. In order to test this hypothesis the melting properties of polylysine-DNA -omplexes prepared by salt gradient dialysis I reconstitution method) were carefully studied.
It has been shown before (3) that polylysine binding to DNA by this method is cooperative. The complex prepared can be separated into two fractions by centrifugation. The pellet is the WK almost fully covered by polylysine while the supernatant is essentially pure DRA. Further, it has also been shown (9) that polylysine preferentially binds ATrich DHA at high salt. Since by salt gradient dialysis the mixture of polylysine and DNA is exposed to high salt, it is possible that ATrlch DHA molecules may be bound preferentially. Combining these two considerations it may be expected that, If calf thymus DMA la really heterogeneous with respect to its GC content, the AT-richer molecules will be bound more favorably and remain in the pellet after centrifugation, while the GC-richer molecules will be free of polylyslne binding and remain in the supernatant. In this report it Is shown that the previous hypothesis of heterogeneous population in calf thymus DNA is correct. Indeed the reconstitution method provides conditions for cooperative binding of polylysine to DNA and its selective binding to AT-rich DNA in a heterogeneous population. It is concluded that calf thymus DNA has a minor fraction < about 13%) with a GC content about 55%, compared with an average of 1*2% GC for whole calf thymus DNA (10). This report provides another example of ways in which the knowledge of helix-coil transition in DNA and nucleoprotein, when used very carefully, can be a very useful tool for the Investigation of physical properties in DNA ,and nucleoprotein.
MATERIALS AND METHODS
Calf thymus DNA was purchased from Sigma Chemical Co. and was purified by phenol extraction. M. luteus DNA was purchased from Miles Laboratories, E. coli (strain B) and Cl. perfringens DNA from Sigma Chemical Co.; These were used directly without further purification. GC (guanine + cytosine) content of DNA is considered to be 31% for Cl. perfringens, 1*2% for calf thymus, 53% for E. coli and 70% for M. luteus (10). The following molar extinction coefficients of DNA at 260 nm used is 7U00ir 1 cm~1 for Cl. perfringens, 7000 for M. luteus (11) and 65OO for calf thymus. Poly-(L-lysine) hydrochlorlde (mol wt 170,000) was purchased from Schwarz/Mann. Polylysine-DNA complexes were prepared by salt gradient dialysis as described by 011ns et al. (8) , except that 0.01M Trls, pH8.0, was used rather than cacodylate buffer. This method of reconstltution is essentially similar to the one first used by Huang et al. (13) . The complexes were finally dialyzed against 2.5 x 10" 4 M EDTA, pH8.0 (EDTA buffer). The Input ratio of polylyslne to SKA In each complex la reported In tent of lysine/nueleotide. Thermal denaturation experiments were performed on a Gilford Spectrophotometer model 2UOO-S and the results were analyzed as described earlier (2).
RESULTS
The melting band of pure calf thymus DNA Is not symmetrical <7). There Is a aajor band at kT and a shoulder at Jh*. The fraction of melting area under this higher melting band is 13f (Fig. 1 ) . It indicates that possibly calf thymus DNA molecules are heterogeneous with respect to base composition. In other words, though the average base composition of the total calf thymus DNA population is h2% in GC, It is possible that this represents a statistical average of different DNA molecules of varied GC contents. In order to test this hypothesis results of the following experiments were analyzed. In order to determine the GC content of the minor fraction in calf thymus DNA molecules, the T ' s of four DNA with varied GC contents were m determined using the s*me buffer of 2.5 x 10" 4 M EDTA, pHR.O. The results are shown in Fig. h . As expected (I 1 *), there is a linear relation between the T and the GC content. From this plot It is determined that m there is a minor fraction of about 13$ calf thymus DNA molecules which has approximately 55^ GC compared with an average of k2i for the whole calf thymus DNA.
DISCUSSION
The dependence of a melting curve of DNA upon its GC content is well documented (J.U). Its dependence upon the distribution of GC pairs along a DNA molecule has also been well described (15, 16) . Melting properties of calf thymus DNA have been studied for some time. Since a symmetrical melting curve with respect to its T is expected, where T ffl was previously taken as the midpoint of a transition, the small tall of a melting curve at higher temperatures might have not been taken seriously before. However, when a derivative melting curve Is plotted, the small tall In a melting profile becomes a non-trivial shoulder. If it had not been repeated many times, this small shoulder would have been considered as an experimental error and neglected in the plot. Nevertheless, we took it seriously and designed experiments as reported here to investigate whether this shoulder might be due to a small fraction of calf thymus DNA molecules with higher GC content. As supported by experiments shown in Figs. 1 to h, there is a small fraction of about 13# of calf thymus UNA which has a GC content of about 55^, in contrast to hsf, the average of the whole DNA population in calf thymus (10) . Whether this heterogeneity originally comes from different DNA molecules in calf thymus chromosomes or from broken DNA molecules during preparation can not be answered by this report.
Heterogeneity in base composition and sequence in eucaroytic DNA is a well known phenomenon (17). In calf thymus satellite DNA with densities higher than the main DHA had been isolated. These satellite DNA renatured much more rapidly than the main DNA after denaturatlon, indicating the enrichment of repeated base sequence in the satellite fraction (18) . Recently Pakroppa and Muller (19) also showed the existence of and further separated, several minor species sonicated calf thymus DNA with higher GC contents by using a hydroxyapatite column with a GC-specific DNA ligand. The existence of a minor fraction of calf thymus DNA which melts at 5U 0 rather than U7 0 in EDTA buffer as reported here is in agreement with previous finding* by using other techniques. This report provides another example of the usefulness of thermal denaturation in obtaining information about DNA and nucleoprotein. Our laboratory is currently investigating the mechanism of helix-coil transition In nucleoprotein through the use of thermal denaturation in the belief that this approach can be used as a reliable tool for obtaining information of protein-DNA interaction such as In polypeptlde-DNA complexes and chromatin.
